and which are underrepresented (e.g., Orchidaceae). Moerman et al. (1999) 
Research on medicinal and other useful plants used in indigenous societies has been driven by two complementary interests: The use of such information for research in the field of the natural sciences, especially with regard to 'new' bioactive natural products derived from plants and the use of plant extracts in primary health care (Heinrich and Gibbons 2001) and the interest in better understanding the anthropological basis, if possible on a cross-cultural basis, of the use of these resources by humans and particularly on the rationale(s) behind the selection of these resources (Moerman et al. 1999) .
One particularly exciting development which contributes to both lines of investigation is the study of botanical systematic aspects of plant usage. Dan his colleagues (e.g., 1996, 1998a,b) have developed and used (partially in collaboration with several other scholars) a method which allows for a statistical analysis of ethnobotanical information based on that the number of medically used plant taxa and the total number of taxa in a certain region is known.
Most of their research focused on the North temperate region of North America, but also on three additional northern (Kashmir, Korea, Chiapas) and one southern (Ecuador) hemispheric ethnopharmacopoeias. Only one neotropical lowland region (upper Napo River valley, Ecuador) is included in his analyses. The main reason for this is a lack of taxonomic and systematic research in such regions. The results of the comparison by Moerman et al. (1999) show that holarctic peoples rely on similar plant families in their health care. The Pearson correlation factors between the holarctic data sets are higher than 0.6 while the correlation of the Ecuador data set with the holarctic data set is lower than 0.19 (maximum possible correlation is one, lowest is zero). Moerman et al. (1999) suggest that the relatively high correlation between the holarctic ethnopharmacopoeias and the low correlation between the holarctic pharmacopoeias and the neotropical one is due to the relatedness of the northern floras and the possibility that the knowledge about medicinal plants has been passed on from prehistoric times through space and time. This implies that the peoples entering the New World through the Beringian Street already shared a common knowledge about medicinal plants with the peoples migrating to other areas and remaining on the Asiatic continent.
There is a widespread acceptance that North America was first settled at least around 15 000 yr B.P., but some authors postulate a date as early as 40,000 yr B.P. (Layrisse and Wilbert 1999) . According to these authors, three major waves of immigrants populated the Americas. The first wave was of Pre-Mongoloid tribes at around 40 000 yr B.P., followed by Paleo-Mongoloids at 30 000 yr B.P., and the Diego-allele positive Neo-Mongoloids at about 9000 yr B.P. (Layrisse and Wilbert 1999) . When peoples crossed the border of the holarctic flora into the realm of the neotropical plant kingdom they were suddenly confronted with plant families that were new to them and had to adapt themselves and their pharmacopoeia to this new pool of plants.
We have recently completed a detailed study of the medicinal plant use of the Popoluca in southern Veracruz, Mexico (Leonti et al. 2001) . The Popoluca inhabit the Sierra de Santa Marta, a range of volcanoes between the Lake of Catemaco and the Gulf coast. These volcanoes form the southern foothills of the "Sierra de Los Tuxtlas" mountain range, a region particularly well known for its biodiversity, where the holarctic and neotropical floristic kingdoms overlap. The neotropical influence is stronger than the holarctic one. According to Rzedowski (1991) the overwhelming part of the Mexican ECONOMIC BOTANY [VOL. 57 flora belongs to the neotropical plant kingdom, even though the pine and oak forests of the Mexican highlands and Chiapas share the northern and southern floral influences in about equal parts. Important vegetation zones in the Sierra de Santa Marta include the tropical montane cloud forest, the tropical rain forest, and the semi-dry oak forest. The study area of about 1350 km 2 lies at altitudes between sea level and 1720 m. RanffrezRamirez (1999) published a comprehensive checklist of the flora of the region with records for 2400 species. Although, it was estimated that about 3000 species of flowering plants grow in the Sierra (Chevalier and Buckles 1995:182) , we consider an evaluation as feasible based on Ramfrez-Rarn/rez's work. This enables an analysis of the use of plants for medical purposes by this indigenous group, which is particularly interesting because the unique composition of the flora including elements from two kingdoms.
Here we report on a regression analysis of the medicinal plants. In order to better understand the cultural rational for the ranking of the most salient plant families we analyse for which categories of illness the respective plant families are used for, elucidate the phytochemical spectra of these families, and highlight ecological and organoleptical characteristics.
METHODS

ETHNOBOTANICAL RESEARCH
The ethnobotanical research was undertaken in the municipalities (municipios) of Hueyapan de Ocampo and Soteapan, southern Veracruz, from March 1999 to July 2000. Fieldwork focused on collecting information on medicinal plant use and general ethnographic data. Dried herbarium specimens and samples for further phytochemical analysis (for details see Leonti et al. 2001; Leonti, Sticher, and Heinrich 2002; cf. Ankli, Sticher, and Heinrich 1999) were also collected.
The research was performed with permit No. DOO. 02.-1750, obtained from the Instituto Nacional de Ecologfa, of the Secretarfa de Medio Ambiente Recursos Naturales y Pesca (SEMAR-NAP), Mtxico. Complete sets of voucher specimens (Leonti et al. 2001 (Leonti et al. , 2002 .
EVALUATION METHODS
In order to determine the importance of the medicinal plant families, we used Moerman's (1991) method applying regression analysis (Fig. 1) . The families were then ranked according to their decreasing residuals (Appendix I), which reflects the proportion of plants used as medicinals in a certain family. The residual is the difference between the number of medicinal species predicted by the regression analysis and the true, ethnographically determined number of medicinal species (Moerman et al. 1999) .
Since Moerman and his colleagues used only angiosperm families in his analysis, we decided to do so as well, in order to secure the comparability of the set of data. For the same reason some plant families had to be combined: Anthericaceae and Amaryllidaceae into Liliaceae s.l.; Phyllonomaceae into Grossulariaceae; Hypericaceae into Clusiaceae; Mimosaceae, Fabaceae s.str, and Caesalpiniaceae into Fabaceae s.1.
To determine the relationship between the different floras the Pearson correlation coefficient of the number of species per family was calculated. Similarly, the relationship of the different medicinal floras was calculated by the Pearson correlation coefficient of the residuals (Moerman et al. 1999) .
RESULTS AND DISCUSSION
The medicinal flora of the Popoluca consists of 614 plant species, contributed by 72 informants, with a total of 4488 use-reports (Leonti et al. 2001) . The plants belong to 117 of the 174 Angiosperm families recorded for the region (Ramirez-Ramfrez 1999) . According to the residuals of the regression analysis (y = 0.2716x (Table 1) : Asteraceae, Piperaceae, Fabaceae, s.l., Euphorbiaceae, and Lamiaceae. The five families (positions 170-174, Table 2 ) with the lowest level of usage in the regression analysis are Orchidaceae, Poaceae, Rubiaceae, Cyperaceae, and Moraceae.
It is of considerable ethnobotanical interest to understand the cultural reasons for a taxon's usage or its avoidance. Reasons for a taxon's ethnomedical importance include, for example: 1) Ecological factors, including the importance of some of the taxa as managed house garden plants. If a high percentage of medicinal plants from a certain plant taxon (e.g., Lamiaceae) is cultivated in home gardens, many species may well be of particular ethnomedical importance, and have further ethnobotanical uses (culinary, ornamental, or for construction). Very often such species are hard to find in the natural habitat or are introduced into the region. It is important to note that if the calculation of the regression Moerman et al. 1999. analysis would have been performed without the introduced species the Lamiaceae would rank 34th and be substituted by the Acanthaceae, 2) Phytochemical characteristics of the plant families relating to the presence of pharmacologically active secondary metabolites, 3) Organoleptical characteristics of the members of a family, e.g., aromatic species are very prominent in the Lamiaceae (Leonti et al. 2002) .
In the following the five top and bottom ranked families are discussed separately.
ToP RANKED FAMILIES Asteraeeae. The Asteraceae are the Popoluca's most frequently used family, and take priority in the treatment of illness groups of gastrointestinal disorders, dermatological ailments, skeleto-muscular problems, respiratory ailments and are very important (2nd most often used family) in gynaecology (see Table 3 ). The Asteraceae are phytochemically very diverse and so far at least 7000 natural compounds have been isolated from chemical classes such as sesquiterpene lactones, diterpenes, phenols, and polyenes (Frohne and Jensen 1998) . This variety of chemical compounds has been recorded to have a multitude of pharmacological activities including anti-inflammatory, cytotoxic, bactericidal, fungicidal, and appetite-inducing properties. The pharmacological properties of the compound classes reflect the broad therapeutic application with the Popoluca and may in part explain the Popoluca's reliance on the Asteraceae.
Of the 57 Asteraceae species used seven (12%, Tagetes spp., Artemisia ludoviciana Nutt., Porophyllum ruderale (Jacq.) Cass., Leonti 224) are regularly grown in the home gardens for medicinal purposes. They are mainly introduced species and do not occur spontaneously. The rest of the Asteraceae used by the Popoluca are all weeds and normally gathered in the immediate vicinity of the community.
Asteraceae flower heads are attractive and conspicuous. Although there are many species with similarly looking yellow flower heads, and hence are difficult to distinguish. Therefore in folk taxonomy some species are consolidated into one taxon.
Piperaeeae. The Piperaceae are predominantly used to treat dermatological complaints (Piper spp., Pothomorphe sp.) and skeleto-muscular problems (Peperomia spp.) such as rheumatic conditions. The Piperaceae are rich in monoterpenes, sesquiterpenes, phenylpropanes and amides, with a variety of significant pharmacological effects recorded (Frohne and Jensen 1998 (Leonti 479) is cultivated and eaten as a vegetable but no soporific (sleep-inducing) effect, as reported by Morton (1994) was mentioned by the Popoluca informants. The frequent use of Fabaceae, s.1. for medicinal purposes is probably due to the conspicuous character of many of its species, their abundance, the diversity of highly active chemical constituents and notable organoleptical properties (see Leonti, Sticher, and Heinrich 2002) .
Euphorbiaceae. The Euphorbiaceae are predominately used in the illness categories of gastrointestinal disorders, dermatological complaints, and urological ailments. Polyphenoles (flavonoids and condensed tannins), rubber, different types of alkaloids, cyanogenic glycosides and diterpenes are the main classes of secondary natural products of the Euphorbiaceae (Frohne and Jensen 1998) Poaceae. Silicate is the main chemical characteristic of this family. Normally, low concentrations of coumarine derivatives and cyanogenic glycosides are common (Frohne and Jensen 1998) . Zea mays L., maize, is the most widely cultivated food plant in the region and in Mexico, in general, but is used medicinally only very rarely by the Popoluca. In the Popolucan pharmacopoeia the genus Lasiacis is used for a special dermatological condition, but, as a whole, the Poaceae are important in none of the illness groups. Out of 93 species, five are medicinal and two of these are introduced species cultivated in house gardens: Bamboo, Bambusa sp., apart from its medicinal usage is primarily used for construction, and Cymbopogon sp., rich in essential oils such as citronellal and geraniol, is used to treat gastrointestinal complaints. While this family is abundant throughout the region and includes many weeds, the species are normally very inconspicuous and difficult to distinguish, especially in the sterile state. This makes them unlikely candidates to be selected as a medicine.
Rubiaceae. Characteristic of this family are xanthine derivatives, anthranoides, coumarines, triterpenes, triterpene saponines, proanthocyanidines, and indol-and emetane alkaloids (Frohne and Jensen 1998) . In the illness categories dermatological conditions and gynecology, the Rubiaceae are the third most frequently used family and therefore of considerable importance in the Popoluca pharmacopoeia. Coffea arabica L., coffee, is cultivated as a cash crop in the higher regions and rarely used as a source of medicine. Of the 26 medicinally used species two are regularly grown in home gardens. Sickingia mexicana Bullock (Leonti 272) used in gynaecology has become a rare species in the past years due to deforestation. Recently, midwives began to cultivate this tree, simultaneously securing their medicine and contributing to the protection of biodiversity. Gardenia sp. is mainly grown for ornamental reasons but also has medicinal uses. Some species of the Rubiaceae are utilised extensively by the Popoluca, e.g., Hamelia patens Jacq. used for bleeding wounds, which is the species with the second largest number of use reports in the whole ethnopharmacopoeia (Leonti et al. 2001 ) but the fact that the family is represented by many species, of which a overwhelming majority grows in primary forest remote from the Popoluca villages results in a relatively low ranking. Also the Rubiaceae are (especially in the sterile state) very inconspicuous (Psychotria spp.), which probably influences the selection of species from this family. (Frohne and Jensen 1998) . Only two out of 35 Cyperaceae species of this region have medicinal uses but are without importance in the pharmacopoeia of the Popoluca. Again, the lack of usage of this taxon seems to be due to the inconspicuous nature of the species. Also, Cyperaceae generally grow in humid and inaccessible habitats.
Moraeeae. Very characteristic is the latex which often contains phototoxic furanocumarines and toxic cardenolides (Frohne and Jensen 1998 does not allow one to distinguish the species even on the basis of their leaves. Also many taxa are abundant in more or less undisturbed forest habitats.
INTRACULTURAL ETHNOPHARMACOLOGICAL COMPARISON
Chemical characteristics seem to be an essential criterion for plant selection. These are perceived by the Popoluca on the basis of the plant's taste and smell properties and their pharmacological effects. They are essential for selection and continued use of certain taxa as medicine. The high diversity of secondary compounds, taste and smell properties, but also the distinctive plant morphology clearly separates the Asteraceae, the Lamiaceae and the Fahaceae, s.1. organoleptically from the lesser used families such as the Poaceae and the Cyperaceae. Families with many weedy taxa or ones often cultivated in the home gardens are particularly prominent in the pharmacopoeia. The lesser used families, best exemplified by the Orchidaceae, exemplify problems in gathering material of a plant that makes them unlikely candidates for medicinal plants. Both, the Poaceae and Cyperaceae seem to be neglected because they lack conspicuous characteristics which allow an easy distinction among various species. With the Piperaceae and the Euphorbiaceae, on the one hand, and the Rubiaceae and the Moraceae, on the other hand, the differences are not as prominent but point in the same direction.
INTERCULTURAL COMPARISON WITH OTHER REGRESSION ANALYSES
The Asteraceae and the Lamiaceae are generally ranked highly in holarctic ethnopharmacopoeias (Moerman et al. 1999) . This points to the holarctic character of the Popolucan pharmacopoeia, while the Piperaceae reflect the neotropical influence in the pharmacopoeia. The Fabaceae's (s.1.) high ranking with the Popoluca, is difficult to analyse (Table 1) . They are ranked very low in North American (253rd of 255), Chiapas (138th of 144), and Kashmir (85th of 100), but are the second most used family in Ecuador, and are ranked 8th in Korea. Probably the Popoluca's reliance on the Fabaceae, s.1. reflects neotropical influence. The Euphorbiaceae are highly ranked in Kashmir (2nd of 100), Korea (13th of 136) and Chiapas (21st of 144), but surprisingly under-represented in North America (234th of 255) and low ranked in the Ecuador (90th of 118) set of data.
Generally, the Poaceae, Cyperaceae and Orchidaceae are very rarely selected ( Table 2 ). The Rubiaceae are ranked 10th in Kashmir but are relatively low ranked in the other sets of data. The Moraceae show a positive residual in North America, Kashmir and Korea, while in Mesoamerica and South America the Moraceae are underrepresented in the medicinal floras (Table 2) .
PEARSON CORRELATION FACTOR
Not surprisingly the ethnopharmacopoeia (e) and the flora (f) of the Popoluca (southern Veracruz) show the highest correlation (0.81, e and 0.94, f) with the one of the TzotziUTzeltal from highland Chiapas (Table 4) . Both ethnic groups live in an area which harbors plant species from the holarctic as well as from the neotropical plant kingdoms, although the neotropical influence is higher in the flora of Veracruz. The most prominent difference is that the Popoluca dwell in the lowland and the Tzotzil/Tzeltal in the highlands. Both groups are part of the MacroMayan language stock and are culturally related. The cultural separation may have occurred about 2500 years ago. The high correlation of their pharmacopoeias probably reflects both the biological relatedness of the area and the common cultural past of the two groups. If we compare the relatedness of the flora of the Populuca and the medicinal flora selected by them with other floras/medical floras (Table 4 ) an analysis using the Pearson correlation indicates the relatedness of the Popolucan (Veracruzian) ethnopharmacopoeia with the others. The only exception is the data for Ecuador. The flora of Veracruz shows a correlation of 0.83 with Ecuador which would predict a correlation of their pharmacopoeias of about 0.75 if the relatedness of their flora would be the only influencing factor. However, the correlation between the Veracruzian and the Ecuadorian pharmacopoeia falls at the much lower level of 0.36.
The Veracruz (V) and the Chiapas (C) pharmacopoeia perform similarly to the other pharmacopoeias. Both show the highest correlations with Kashmir (0.74 C/0.62 V), second highest with North America (0.73 C/0.57 V), third highest With Korea (0.61 C/0.54 V), and the lowest with Ecuador (0.19 C/0.36 V). The correlation of the Chiapas data set to the other holarctic set of data is always higher as compared to Veracruz. On the other hand the Veracruz correlation to the neotropical (Ecuador) set of data is considerably higher than the one from Chiapas.
Thus, the Pearson correlation factors show that the Veracruz flora is most related to the nearby Chiapas flora but is more related to the Ecuador flora than to any true holarctic flora. Nevertheless, the Pearson correlation factors of the different pharmacopoeias show that the Popoluca pharmacopoeia is generally more related to the holarctic pharmacopoeias but shows a clear neotropical influence.
DICOTS COMPARED TO MONOCOTS
The classical, but now controversial, separation of the Angiosperms into Monocots (MC) and Dicots (DC) allows a useful analysis of still another aspect. Overall, the MC seem to be less important as compared to the DC. Again this may well be partly due to the inconspicuousness of many of its plants. The most prominent families of the MC are the Araceae (rank 8), the Commelinaceae (rank 10), and also the Liliaceae (rank 13); the latter two are families with many very showy species. All three families show clear differences in their ethnopharmaceutical uses. We documented 18 of 62 medicinal MC species used for urological problems, with 84 (23.5%) of 357 total MC use reports, while 136 of 535 medicinal DC species have a total of 253 (6.2%) reports in this group (DC--total number of use reports: 4029). The MC are thus more likely to be selected for urological problems.
Out of the 62 medicinal MC species, only two (3.2%) with a total of five (1.4%) use reports are used to treat respiratory ailments, while 73 species of the 535 medicinal DC (13.6%) with 198 (5%) use reports were recorded.
Why should a MC be more suitable to treat urologic conditions and less useful to treat respiratory ailments? The empirical medico-historical experience of an ethnic group is of course an essential basis for this, but at this stage the specific reasons remain speculative. Phytochemical as well as organoleptical differences exist. Concerning the phytochemistry, the MC lack ellagic acid and ellagic tannins, whereas tannins and essential oils, polyterpenes and alkaloids are not common, in general. Steroid saponins occur in MC while the DCs have mostly triterpenesaponins and the mucilage of the MC lacks uronic acid (Frohne and Jensen 1998) . Regarding the morphology, the MC distinguish themselves by not showing secondary growth, having a moderate diameter, an un-branched axis, and a watery stem. However, we argue that the different spectra of secondary natural products along with the recorded pharmacological properties are not sufficient to explain the unequal useage of these two groups. Such products are indeed responsible for specific organoleptical properties of a botanical drug, a set of criteria which we have previously shown to be an important selection criterion for medicinal plants with the Popoluca (Leonti et al. 2002) and other groups (Heinrich 1998; Brett and Heinrich 1998) . In the classificatory system of the Popoluca and other peoples all these factors--the organoleptical perception of a plant, the morphological and ecological traits, and the characteristics in terms of colour, as well as its smell and taste, are used in combination. In case of the preferential treat-ment of urological ailments with MC and of the respiratory conditions with DC we consider the organoleptical aspect to be more important than direct pharmacological effects.
CONCLUSION
The fact that the Popoluca dwell in an area where the neotropical and the holarctic plant kingdoms overlap makes an ethnobotanical and a botanical-systematic analysis of special interest. Our study provides additional evidence for the concepts developed by Moerman for the reasons for selecting certain plant taxa as medicines. The ancestors of the Popoluca, dwelling in a zone with neotropical as well as holarcticflora, could choose to a certain extent from a similar pool of plant families as the holarctic peoples to compile their pharmacopoeia but also have a vast array of neotropical taxa to choose from. The correlation factors show that the Popoluca prefer and neglect plant families to a similar extent as holarctic peoples do. Nonetheless, the Popoluca include neotropical plant families in their pharmacopoeia, without being forced by the prevailing flora to do so. The Piperaceae, which are the most salient difference as compared to a purely holarctic ethnopharmacopoeia are used to treat dermatologic conditions. Dermatologic afflictions are very common in the hot and humid lowlands of the tropics. Indeed, based on the number of taxa used and the usereports, diseases of the skin form the largest group of illnesses suffered by the Popoluca and is the most important illness category (Leonti et al. 2001) . We suggest that the high prevalence and variance of dermal afflictions in correlation with the new climatic conditions led to the incorporation of taxa new to the pharmacopoeia. The process that led to the incorporation of the Piperaceae and other neotropical taxa is based on the cultural selection criteria including taste and smell properties of plants. We recently demonstrated the importance of such concepts in a completely unrelated group the ArbSresh8 in northern Lucania (southern Italy, Pieroni et al. 2002) and there too weeds were selected based on several characteristics such as their taste and smell properties, but in the latter case on edibility. Thus, we suggest that the common knowledge as proposed by Moerman et al. (1999) should be understood as a selection based on common organoleptic and other culturally defined criteria (Leonti et al. 2002) . The origin of the common selection criteria may be best explained with the similar perceptual appreciation of human beings. We argue that the common knowledge is due to common selection criteria and not to just a common knowledge shared by different cultures.
This research also has implications for other studies focusing on the selection of interesting and relevant ethnomedicinal plant species for phytochemical and pharmacological investigations. Not all plants of an ethnopharmacopoeia fit into the emic classification system. Detecting such outliers and subjecting them to pharmacological studies could result in a higher hit rate for promising phytochemical compounds and would at the same time advance our knowledge about such elements of the indigenous ethnopharmacopoeias and their pharmacological effects. 
